A halotolerant, Gram-stain-negative, rod-shaped and light-pink-pigmented bacterial strain, PB3 T , was isolated from a pond sediment near a hexachlorocyclohexane-producing factory, located at Chinhat, Lucknow, India. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain PB3
The genus Pontibacter belongs to the phylum Bacteroidetes and the family Cytophagaceae. This genus was proposed by Nedashkovskaya et al. (2005) . The species belonging to the genus Pontibacter are Gram-stain-negative, heterotrophic, aerobic, rod-shaped, motile by means of gliding or nonmotile, have MK-7 (menaquinone 7) as the predominant respiratory quinone and phosphatidylethanolamine as the major polar lipid. At the time of writing, 24 species of the genus Pontibacter have been isolated and classified from diverse niches such as desert soils, muddy water, seawater, hexachlorocyclohexane (HCH)-contaminated soil and pond sediments, forest soils, solar salterns, mountain soils, rhizosphere soils and also from marine actinians (Nedashkovskaya et al., 2005; Suresh et al., 2006; Zhou et al., 2007; Zhang et al., 2008; Dastager et al., 2010; Raichand et al., 2011; Xu et al., 2012; Dwivedi et al., 2013; Kang et al., 2013; Subhash et al., 2013 Subhash et al., , 2014 Singh et al., 2014 Singh et al., , 2015 Srinivasan et al., 2014; Mahato et al., 2015) . However, out of the 24 known species of the genus Pontibacter, the names of three species, namely 'Pontibacter salisaro' (Joung et al., 2011) , 'Pontibacter jeungdoensis' and 'Pontibacter rhizosphera' (Raichand et al., 2011) , have yet to be validly published according to the List of Prokaryotic names with Standing in Nomenclature (http://www. bacterio.net/).
In order to continue with our previous efforts to characterize novel bacteria from a well-studied HCH dumpsite (Kumar et al., 2008 (Kumar et al., , 2015 Sharma et al., 2010; Singh et al., 2013 Singh et al., , 2014 Singh et al., , 2015 , a novel strain, PB3
T , was isolated from a pond sediment next to the HCH production site situated at Chinhat, Lucknow (26 53¢8.903 †N and 81 20¢22.495 †E) . The present study aimed to identify and characterize this novel bacterial strain.
The HCH concentration of the pond sediment was determined by the method described by Jit et al. (2011) . The total HCH present was 0.9 mg (kg sediment)À1. The pond sediment sample was serially diluted in 1 % sterile PBS and plated on Luria Bertini (LB) agar plates (HiMedia). These plates were incubated at 28 C for 24-48 h. A pinkpigmented colony that appeared after 24-36 h was subcultured several times on LB agar plates to obtain a pure culture. The strain was designated PB3 T . This strain was also preserved in LB broth containing 20 % (v/v) glycerol and stored at À80 C. A polyphasic approach was used to classify this novel strain (Vandamme et al., 1996; Prakash et al., 2007) .
16S rRNA gene sequencing of the strain PB3 T was performed using universal primers 8f, 341f, 786f and 1542r (Lane, 1991) . Sanger sequencing was performed using an ABI 3700/ 3730xl sequencer (Applied Biosystems) at the Department of Plant and Molecular Biology, University of Delhi, South Campus, New Delhi, India. The sequences obtained were then assembled manually using Sequencing Analysis version 5.1.1 (Applied Biosystems) and Clone manager version 5 (Sci-Ed Software). A sequence stretch of 1432 bp was obtained and similarity searches were performed using the non-redundant BLASTN program (Altschul et al., 1990) against the National Centre for Biotechnology Information (http://www.ncbi.nlm.nih.gov/) database as well as the Eztaxon-e database: a database of 16S rRNA gene sequences containing type strains with validly published prokaryotic names and representatives of uncultured phylotypes (Kim et al., 2012) . The closest neighbours of strain PB3
T based on 16S rRNA gene sequence similarity were Pontibacter chinhatensis LP51 T (98.9 %), P. niistensis NII-0905 T (98.6 %) and P. korlensis X14-1 T (97.1 %). The similarity of strain PB3 T with all species of the genus Pontibacter ranged from 98.9 % to 94.5 %. A phylogenetic tree was reconstructed using 34 closely related species selected from the Ez-taxon-e server. The 16S rRNA gene sequence of Erythrobacter litoralis DSM 8509
T was used as an outgroup. The selected sequences were aligned using CLUSTAL X version 2 (Larkin et al., 2007) . The aligned sequences were checked manually for quality and trimmed. Phylogenetic analysis was performed using the software MEGA version 6 (Tamura et al., 2013) . The evolutionary distance was calculated using the distance model of Jukes & Cantor (1969) . A phylogenetic tree was reconstructed using the neighbour-joining method of Saitou & Nei (1987) (Fig. 1) . The evolutionary history was also inferred using the maximum-likelihood method (Felsenstein, 1981 ) and the maximum-parsimony method (Kluge & Farris, 1969) (Fig. 1 ). Bootstrap analysis (Felsenstein, 1985) based on 1000 resamplings was performed for statistical evaluation of the reconstructed tree. Strain PB3
T was clustered in the clade containing members exclusively belonging to the genus Pontibacter.
The Gram-stain test was performed using a Gram staining kit (HiMedia) and strain PB3
T was found to be Gram-stainnegative. The cell shape and morphology of strain PB3
T was determined by examining exponentially growing cultures under a light microscope (Eclipse E600; Nikon) and a transmission electron microscope (Morgagni 269D; Fei). The colonies of PB3 T were pink in colour, circular and smooth. Microscopic analyses revealed that strain PB3
T was rod-shaped and lacked flagella (Fig. S1 , available in the online Supplementry Material). Gliding motility was tested by using a fresh LB broth culture with the hanging drop method (Bowman et al., 2003) along with motility agar test (Farmer, 1999) . The results showed that strain PB3
T was motile via gliding. Strain PB3
T grew well on LB agar (HiMedia), nutrient agar (HiMedia), brain heart infusion agar (HiMedia), marine agar (HiMedia) and tryptic soya yeast agar (HiMedia)at 28 C within 36 h of incubation but limited growth occurred on R2A agar (HiMedia). In order to check the optimum temperature for growth, strain PB3 T was grown on LB agar and incubated at different temperatures (4, 28, 37, 45 and 55 C) . Growth at pH 3-11 (in 1 unit increments) was studied. For determining the suitable pH for growth, strain PB3
T was cultured in LB broth at 28 C, after adjusting the pH (pH after autoclaving shown in parentheses) to pH 4.1 (4.3), 5.0 (5.2), 6.0 (6.3), 7.0 (7.3), 8.0 (7.9), 9.0 (8.7), 10.0 (9.4), 11.0 (9.6) and 12.0 (9.7) using appropriate buffers (Table 1 ). The cell density was then measured at a wavelength of 600 nm. Growth of strain PB3 T at different salt concentrations (NaCl, w/v, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 , 10 %) was assessed using the protocol described by Arden-Jones et al. (1979) . Growth was also checked by measuring the OD at a wavelength of 600 nm. Antibiotic sensitivity was tested using the Kirby-Bauer antibiotic testing method (KB testing or disc-diffusion antibiotic sensitivity testing) (Bauer et al., 1966) . Mueller-Hinton II agar was used for conducting this test wherein readymade antibiotic sensitivity discs (HiMedia) with varying amounts of antibiotics were placed onto the plate upon which was spread PB3 T culture. The antibiotics which were tested (values in parentheses denote µg of antibiotic tested) were amikacin (30), ampicillin (10), chloramphenicol (30), ciprofloxacin (5), gentamicin (10), kanamycin (30), nalidixic acid (30), penicillin (10), polymyxin (300), rifampicin (5), oxytetracycline (30), tetracycline (30) and vancomycin (30). Catalase activity was tested by observing if bubbles were produced after adding 3 % (v/v) hydrogen peroxide solution to colonies of strain PB3
T grown on LB agar (McCarthy & Cross, 1984) . Oxidase activity was tested using oxidase discs from HiMedia and N,N,N¢,N¢-tetramethyl 1,4-phenylenediamine reagent from bioM erieux. Citrate utilization was tested using Simmons' citrate agar (HiMedia). Hydrolysis of Tween 20 and 80 was checked according to the method of Arden-Jones et al. (1979) . Hydrolysis of gelatin, casein, aesculin and starch was determined as described by Cowan & Steel (1965) . Urease activity was tested in accordance with the protocol of Christensen (1946) . Indole production was tested as described by Smibert & Krieg (1994) . Degradation of xanthine and hypoxanthine was determined as described by Gordon et al. (1974) . DNase activity was tested using DNase agar (HiMedia). H 2 S production was tested using triple sugar iron agar (HiMedia). The presence of flexirubin-type pigments was examined using a 20 % (w/v) KOH solution (Bowman, 2000; Bernardet et al., 2002) . Assimilation of different carbohydrates was tested in basal media (Gordon et al., 1974) . To detect acid production by strain PB3
T from carbohydrate metabolism, bromocresol purple was used as a pH indicator. Other physiological and biochemical properties were determined with API 20NE and API 50CH systems (bioM erieux) according to the manufacturer's instructions. Differential results of biochemical tests of strain PB3
T with its closest phylogenetic neighbour, P. chinhatensis LP51
T , are given in Table 1 . Although strain PB3 T was isolated from an HCH dumpsite, it was unable to degrade HCH.
The DNA G+C content of strain PB3
T was calculated using an Applied Biosystems 7500 Real-Time Thermocycler located at the Central Instrumentation Facility, Department of Zoology, University of Delhi, Delhi, India, by the method described by Gonzalez & Saiz-Jimenez (2002) . The DNA G+C content of strain PB3
T was found to be 53.5 mol%.
P. chinhatensis DNA-DNA hybridization studies of strain PB3 T were performed with two of the closest phylogenetic neighbours, strains P. chinhatensis LP51 T and P. korlensis X-14 T only and not with P. niistensis NII-0905
T . This is because obtaining the type strain of P. niistensis NII-0905 T from the two culture collections where it was deposited (the NCIM in Pune, India, and the CCTCC in Wuhan, China) and from the authors who described the species (Dastager et al., 2010) was unsuccessful. The authors were unable to revive the strain and even the two culture collection centers confirmed that this strain was not available (Zhang et al., 2013; Singh et al., 2015) . The DNA-DNA hybridization was carried out between strain PB3 T , P. chinhatensis LP51 T and P. korlensis X-14 T , which showed sequence similarity >97 % at the 16S rRNA gene sequence level. The total genomic 
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DNA of all the strains was extracted and purified, and hybridization was done at the Council of Scientific and Industrial Research-Institute of Genomics and Integrative Biology (CSIR-IGIB), Delhi, India, in accordance with the protocol described by Tourova & Antonov, 1988 . The amount of bound probe DNA was calculated by using a scintillation counter (Hidex Noki Technologies). Strain PB3 T showed a DNA-DNA hybridization value of 44.7 % with LP51
T and a value of 45.0 % with X-14 T (Table S1 , available in the online Supplementry Material), which is much below the threshold of 70 % prescribed for the delineation of novel bacterial species (Wayne et al., 1987) . DNA-DNA hybridization studies further suggested that strain PB3
T represents a novel species of the genus Pontibacter.
For fatty acid analysis, cells of strains PB3
T and P. chinhatensis LP51
T were harvested from LB agar plates after incubation at 28 C for 2 days. Fatty acid methyl ester analysis was carried out at Royal Life Sciences, Secundarabad, India. The physiological age of cultures of PB3 T and LP51 T was standardized according to the protocol of the Sherlock Microbial Identification System (MIDI). For this purpose, each strain was grown on trypticase soy broth agar (HiMedia) in a quadrant for 24 h at 28 C. From the third quadrant of a petri dish, 2-4 loops of inoculum were subjected to saponification, methylation and extraction according to the methods of Miller (1982) and Kuykendall et al. (1988) . The fatty acid methyl ester mixtures were prepared and separated using the Sherlock Microbial Identification System (MIDI) and identification of the fatty acids was made using the Aerobe RTSBA database, version 6.0 B (Sasser, 1990) . The major fatty acids of strain PB3
T were iso-C 15 : 0 (20.4 %), iso-C 15 : 0 3-OH (5.4 %), iso-C 17 : 0 3-OH (3.9 %), C 16 : 1 !5c (6.8 %) summed feature 3 (C 16 : 1 !6c/ T ; 2. P. chinhatensis LP51 T (data from this study); 3. P. korlensis X14-1 T (Zhang et al., 2008) . All species are Gram-stain-negative, rod-shaped, motile by means of gliding, catalase-and oxidase-positive, able to hydrolyse aesculin and gelatin; able to utilize D-glucose, D-galactose, D-mannose and lactose as carbon source; and able to oxidize N-acetyl glucosamine. +, Positive; À, negative; NR, not reported; S, sensitive; R, resistant. C 16 : 1 !7c; 3.2 %) and summed feature 4 (iso-C 17 : 1 I/anteiso-C 17 : 1 B; 27.4 %). The predominant fatty acids in strain LP51 T were also iso-C 15 : 0 (20.8), iso-C 15 : 0 3-OH (6.4), C 16 : 1 !5c (3.4), summed feature 3 (C 16 : 1 !6c/C 16 : 1 !7c; 4.3 %) and summed feature 4 (iso-C 17 : 1 I/anteiso-C 17 : 1 B; 35.6 %), which is according to the genus description. The fatty acid profile of strain PB3
T showed qualitative and quantitative differences as compared with that of its nearest phylogenetic neighbour, P. chinhatensis LP51 T (Table 2 ). This analysis further suggests the demarcation of strain PB3
T as a representative of a novel species.
Polar lipids of strain PB3 T were extracted using 100 mg dry cell mass using 10 ml extraction solvent containing chloroform, methanol and 0.3 % NaCl (1 : 2 : 0.8, by vol.). The polar lipids were extracted and analysed by two-dimensional TLC using 9Â9 cm silica-gel F254 plates (Merck) as described by Bligh & Dyer (1959) . Total polar lipids were detected by spraying with 10 % (w/v) molybdatophosphoric acid dissolved in ethanol (Merck) followed by drying at 120 C for 15 min. Major polar lipids present in strain PB3
T were phosphatidylethanolamine, an unidentified aminophospholipid, unknown aminolipids, unknown phospholipid (PN) and other unknown polar lipids (Fig.  S2 ).
For the extraction of quinones, 200 mg dry cell mass of the culture of strain PB3 T was extracted with a 10 % (v/v) aqueous solution of 0.3 % (w/v) NaCl in methanol and petroleum ether (60-80 C boiling point) in a ratio of 1 : 1. The upper phase was collected and dried in a rotavapor (Buchi). The residue was dissolved in 100 l acetone. The extract was loaded on a TLC plate (Silica gel 60 F254, 20Â20 cm; Merck) and separation was done using petroleum ether (boiling point 60-80 C) and diethyl ether (85 : 15, v/v) as running solvent. Menaquinone 7 (MK7) was observed as the major respiratory quinone after it was dissolved in diethyl ether and analysed by reverse-phase TLC according to the method of Collins et al. (1980) . The protocol described by Busse & Auling (1988) was used to extract polyamines from cell biomass. The polyamines extracted were analysed by one-dimensional TLC. Ten microlitres of extracted sample was loaded onto a TLC plate (Silica gel 60 F254, 20Â20 cm; Merck). Ethyl acetate/cyclohexane was used as the running solvent. For the detection of polyamines, the TLC plate was allowed to air-dry, after which it was visualized under UV light. Polyamines were identified by comparing R f values by using commercially prepared standards obtained from Sigma Life Science. symHomospermidine was detected as the major polyamine of strain PB3
T .
The biochemical differences between strain PB3 T and its closest phylogenetic neighbour, P. chinhatensis LP51 T , were reflected by their differential ability to utilize different sugars as carbon sources. PB3
T could utilize D-mannitol, L-rhamnose and L-arabinose whereas LP51
T could not utilize Dmannitol or L-arabinose. PB3
T was able to hydrolyse starch, Tween 80, urea, xanthine and hypoxanthine whereas LP51
T was unable to do so. Oxidation of glycogen was observed in PB3
T but not in LP51 T . Strain PB3 T was sensitive to penicillin, polymyxin and tetracycline and resistant to kanamycin and gentamycin whereas strain LP51 T was resistant to penicillin, gentamycin, polymixin and tetracycline and sensitive to kanamycin. These differences between strain PB3 T and P. chinhatensis LP51 T are mentioned in Table 1 . On the basis of morphological, physiological, genotypic and chemotaxonomic characteristics, strain PB3
T is considered to represent a novel species of the genus Pontibacter, for which the name Pontibacter mucosus sp. nov. is proposed.
Description of Pontibacter mucosus sp. nov.
Pontibacter mucosus (mu.co¢sus. L. masc. adj. mucosus slimy, mucous).
Cells are Gram-stain-negative, aerobic, rod-shaped, motile by means of gliding, 1.0-1.4 µm in length and 0.3-0.7 µm wide. Growth occurs on LB agar, nutrient agar, brain heart infusion agar, marine agar and tryptic soya yeast agar but only limited growth occurs on R2A agar. Colonies are pink in colour and appear after 24 h of incubation. Growth occurs at 5-45 C (optimum 28 C). Growth occurs at a salinity range of 0-10 %. Optimum growth is seen with 1-2 % NaCl and at pH 7.0-8.0. Catalase-, oxidase-and DNAse-positive. Hydrolyses aesculin, gelatin, urea, starch, Tween 80 and Tween 20; however, it does not hydrolyse citrate. Indole and H 2 S production tests are negative. b-Galactosidase activity is detected. Flexirubin-type of pigments are absent. Able to utilize casein, xanthine and hypoxanthine. Nitrate is not reduced. Assimilates D-arabinose, D-mannitol, D-galactose, Lrhamnose, D-glucose, D-fructose, D-mannose, L-sorbose, Draffinose, D-maltose, D-lactose, D-melibiose, D-saccharose and L-fucose whereas it is unable to assimilate L-xylose, erythritol, xylose, L-dulcitol, inositol, D-sorbitol, inulin, xylitol, Darabitol or potassium gluconate. The major fatty acids are iso-C 15 : 0 , iso-C 15 : 0 3-OH, iso-C 17 : 0 3-OH, C 16 : 1 !5c, summed feature 3 (C 16 : 1 !6c/C 16 : 1 !7c) and summed feature 4 (iso-C 17 : 1 I/anteiso-C 17 : 1 B). The polar lipid profile includes phosphatidylethanolamine, an unidentified aminophospholipid, unknown aminolipids and other unknown polar lipids. The main respiratory quinone is menaquinone 7 (MK-7) and the major polyamine is sym-homospermidine.
The type strain, PB3
T (=DSM 100162 T =KCTC 42942 T ) was isolated from a pond sediment containing discarded waste of hexachlorocyclohexane isomers near the India Pesticide Limited factory in Lucknow. The DNA G+C content of the type strain is 53.5 mol%.
